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Introduction

* Searches for new
strongly interacting
particles in final states
with jets and missing
transverse momentum

« >1 fb! analysed at

Vs =7 TeV

2-4 jet inclusive | 6-8 jet inclusive
search search

44,498, 88 Many-body decays

z =0 Non-leptonic

q = 49X

R, cascade decays

8 49X,




*For veto:
Tighter selections
used in leptonic

Object selection ot e

Jets Electrons and muons*

Anit-k; algorithm with R=0.4 pr>20GeV, [n.| <247, |n,| <240
pr>20GeV, |n| <2.8 Muon isolation: X p; (AR <0.2) <1.8 GeV
MC-based calibration with pile-up and

vertex corrections Overl ap removal

e AR(e, jet) < 0.2 => remove jet
Missing transverse AR(e/, jet) < 0.4 => remove lepton
momentum (MET)
Jet-based MET + out-of-cluster Event veto
contributions Primary vertex has <5 tracks
Corrections for loosely-selected Jet quality + other event cleaning
electrons and muons (pr > 10 GeV) - Including LAr readout problems;

veto region of size 1.4x0.2 in AnxA¢

Trigger Reconstructed electron or muon

>095% efficient in signal regions - covered by independent analyses
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Signal Region selection

Signal Region [>2jets >3jets >4jets High mass
Trigger Eimiss >130 >130 > 130 > 130
plateau { Leadingjet pr | > 130 >130 > 130 > 130

Jet Second jet pr | >40 > 40 > 40 > 80 JLdr=104f

Third jet pr - > 40 > 40 > 80
Fourth jet pr - - > 40 > 80
SAdGet, EP)min | > 04 > 04 > 0.4 > 0.4
E™S [meg >03 >0.25 > 0.25 > 0.2

Meg [GeV] >1000 > 1000 > 500/1000 > 1100

ATLAS searches with jets and MET
Michael Flowerdew (MPP Miinchen) - SUSY11

30th August 2011



Analysis strategy

Principal background components:
— W/Z+jets (Z—vv irreducible)
— Top
— QCD multi-jets
Estimated using Control Regions, five for each Signal Region
— Input to combined likelihood fit

Transfer Factors relate CR measurement to SR background
estimate

— Ratio reduces some systematic uncertainties

N(SR,raw,proc)

N(SR,est,proc) = N(CR, obs, proc) =
( proc) ( proc) N(CR,raw,proc)

Profile likelihood fit accounts for correlated systematic
uncertainties and CR contamination



QCD background

> 1P T T
g - Data 2011 {57 TeV) * Data-driven background
T JLdt~ {oafs! —SMTou
S : [JQCD multijet estimation
~ . @ W-+jets
g '0'F Fourdethigh Mase e — Control re on defined by
= and single to
5 0°e gM+SIU(%6(§,2p4o,o,10) A¢(] et, M mln <0.2
107E ATLAS Preliminary * Mis-measured jets
; i * Heavy flavour
10¢ =
3 E — Transfer Factor comy
10°f E
L -

DATA /MC
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o 2.5E
s i 4+
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. . L ——
~ Z( > 11) +] ets P with Z treated %505 7000 7800 2000 2500 3000
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~ = " @ W+jets 3
- » - Dijet Channel B Z-jet
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102k
= ATLAS Preliminary

DATA /MC

) 500 1000 1500 _ 2000 2500 _ 3000
M [GeV]
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g 10 T o gs=rTey 2
8 10°L _['— ot~ 1.04 fb” Eg“cﬂzgmlltijet g
s o P B W and top
= £ Channel [+t and single top 3
T 103_5 ----- SM + SU(660,240,0,10) E‘
- ATLAS Prelimi :
wp TopCR Amasrummn background
10E o . .
I F*hd} ] * CR events selected with a
= 1 {1 - lepton + MET selection
107" ; :
B S By | s ~ 30 <y <100 GeV *
s et ~ b-tagged jet => top CR
035 500 1000 1500 _ 2000 _ 2500 _ 3000 — Otherwise => W CR
m,, [GeV]

— Lepton treated as jet for ot

> 8 T T T T I T T T T T T T T | T T T T | T T T T I T T T T . .

5 10 * Data2011 (s=7TeV) kinematic cuts
© 1 —SMTotal

§ 10° J'— dt ~1.04 fb [JQCD multijet

= . 3 W+jets

@ 10* Four Jet High Mass Bl Z-jets

= Channel [+t and single top

g 10% e SM + SU(660,240,0,10)

ATLAS Preliminary

B 500 1000 1500 2000 _ 2500
meff
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Signal Region observations

> LI T T T | T T T T T T T T I T T T T I T T I T I T T T T | _
8 108 e Data2011fs=7TeV) —=
S F IL dt~1.04f"  —ovTom :
o B ) [JQCD multijet ~
T 10 E .. [ W+iets =
@ - Dijet Channel B Z+jets =
£ 10*E [t and single top -
0 S SM + SU(660,240,0,10) =
10°E ATLAS Preliminary .
10°E =
10g E
L% | | T | L " [T N | | [ I _E

E_ i

DATA /MC

© o = N
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o
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1500

Entries / 150 GeV

DATA /MC

5 T T T T | T T T T T T T T | T T T T | T T T T | T T T T I T
10 |§_ e Data2011 (s=7TeV) _§|
C N -1 — SM Total .
104 JL dt ~1.04 o [J QCD multijet _
E ) Waiet E
- Four Jet High Mass =Z+J}§SS :
10°  Channel (It and single top —
E e SM + SU(660,240,0,10) 3
10° o ATLAS Preliminary =
10¢ E
U3 E
107 K | =
2,5% T %
15
1
0.5 .
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Results

value + stat + syst

Signal Region
Process
r - E 4-jet’ 2 4'jeta .
> 2-jet > 3-jet High mass
meir > 500 GeV | mer > 1000 GeV
Zjy+jets 325+26+6.8 258+26+49 208 £9 + 37 16.2+21+36 33£10+13
Wjets 262+39+6.7 227+35+58 367 +£30 £ 126 127+2.1+4.7 22+09+1.2
t1+ Single Top 34£15+1.6 56+20+£22 375+£37+74 37£12+2.0 56+1.7+21
QCD jets 022+006+0.24 | 092+0.12+046 34+£2x29 074+£0.14+£051 | 210+ 037+ 0.83
Total 623+43+£9.2 55+38+73 084 + 39 + 145 334+£29+63 132+19+2.6
Data 58 39 1118 40 18

Process

Signal Region

= 4-jet,
me > S00 Gey

> 4-jet,

me > 1000 GeV

High mass

Excluded ox Acc xe€ (ib)

477

32

17
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Interpretation: Simple model

—
\o}
(o)
o

fect” signature for this

. Three-sparticle model 2000 Squark-gluino-neutralino model (m _ = 0 GeV)
. -~ I l I I]l LI r LBELl ] LI H .
— Squarks (two generations, 3 T Bl i) ATLAS Preliminary
. h O] } i : : 0 lepton 2011 combined
with same mass) 2. o | Ab | == cL obsened o5 c.L i
. Gluin()s % } ':: || - ===+ CL; median expected limit
— LSP (m = 0) S 1500 | R (N exp. limit 68%, 99% CL
X i [N . -
— m= 5 TeV v other sparticles g i |‘ 2010.data PCL95% C.L. I|m|£
=3 ! L™ =1.04 0", Vs=7 TeV ]
'|‘

DO, Run Il

500 750
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Interpretation: CMSSM / mSUGRA

. Ao =0 MSUGRA/CMSSM: tanB = 10, A =0, u>0
° ‘Lt > 0 %l ATLAS Preliminary 0 lepton 2011 combined
Q) L™ =1.04fb ", \;‘rs=7 TeV CL, observed 95% C.L. limit
° = — [ LEP2 ¥ - === CL, median expected limit
tan [5 10 Eg600 [ 1 Dogq }anB=3,u<o, 21" exp. limit 68%, 99% CL
° : [ CDF g,g, tanB=5, u<0, 2 fo* % Reference point
Easy comparlson to Older I Theoretically excluded —— 2010 data PCL 95% C.L. limit
reSUItS . -\ \ ! \ \ |
500 — - \\\ —l \\*\

h in m, due B T R T
S N ! ‘. \ =. '.

#
!
T

\\ R Rt s 8
| | 1\ | §(1000) |

I |

!

——— et T

............

500 1000 1500 2000 2500 3000 3500
m, [GeV
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Large jet multiplicity analysis

Xy 4  Extension of 2-4 jet analysis
q — Increased sensitivity to many-
body or cascade decays
— Example: high m, region in
CMSSM/mSUGRA

* Signature: >6 to
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MET /H,

(including fully hadronic tt)

« MET resolution dominated by

stochastic fluctuations jet template
Q T I T T I T T T | T T T ' T T T | T T T I T ) T T I T T T =
> -1 e Data2011 (\s=7TeV) -
0,2( mjss) H jet 8105 IL dt ~1.34 fb —— Background Prediction J
~yY — - 3
T T pT & 4 ATLAS Preliminary — QCD+1t- gq (Template) -
-1 0% E-eve, Alpgen tt— ql,ll -
e 'q.’ I Alpgen W (epuav 3
2 % I Alpgen Z— vv -
ET/\/HT to remove MC 510 W e SUSY Point (1220,180) 3
101 aep endence %102;_ ‘ Multi-Jet Control Regioné
8 F 5jetsp >80 GeV
§ 10 EE ?
1 .
10" -
§ 2F 3
%1.52 E
T e
50‘5 'Y

0 1. 14 1/21:6
EMSS/\H, (GeV
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MET /~H;

(including fully hadronic tt)

* Control Region with
MET/VH; < 1.5 VGeV ) with 4 jet template

Q T I T T I T T T | T T T ' T T T | T T T I I‘I T I T T I:

= ; Data 2011 (\s =7 TeV) 7

» Transfer Factor from 310° IL dt~ 13415 " il predcton’ 3

events with exactly 5 or 6 o inary ] QCD1T ag (Tempet)
y Qg ATLAS Preliminary — s all

lets S107Eese, ) Albgen Wos (eudy o

~— ' s 3

0 3 ";.‘ F = B/A I Alpgen Z— vv b

510 = S e SUSY Point (1220,180) 3§

g EAl NB . ]
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é 10; . ’w,* 5jetsp, >80 GeV ]

S VE[ . ‘-—Lj‘; 3

Z l. —

1 E
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505 P L =
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Signal Region selection

* Multi-jet triggers, requiring 4 or 5 jets
— => Lower leading jet threshold
- MET/\/HT replaces MET and MET/m

— Ag¢(jet, MET), ;, also removed

* LArreadout problem => Jet ener%y correction in affected region,
r

event vetoed if MET correctlon is

arge (>10 GeV and >10% of MET)

Signal region

7155 | 8355 | 6)80 | 7380

Jet pr

> 55 GeV > 80 GeV

Jet |n|

< 2.8

AR;;

> (0.6 for any pair of jets

Number of jets

>7 | >8 | >6 | >7

mlSS/\/_

> 3.5 Gevl/?

30th August 2011
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Top and other backgrounds

* Top:
— Control Region: 1 muon, 40 < m <100 GeV,
b-tagged jet
* SR jet cuts applied, treating muon as a jet

— Transfer Factors from simulation (ALPGEN)

+ Systematic uncertainties estimated as in 2-4 jet analysis

— Validation Regions (VRs) vary jet py and MET/VH;
cuts

* W/Z+jets are small:
— Estimated from simulation, due to low CR statistics

— Validation Regions show no problems
« W: Like top, but b-jet veto
* Z: Two muon VR selection



T I TTTT TTTT I TTTT I TTTT I TTTT I TTrTT I TTTT T |‘| T | TTTT I T
-1 e Data2011 (\Ns=7TeV)
IL dt~134f Background Prediction

o [ Alpgen W— pv
ATLAS Preliminary — Alpgen tizs gl

Validation

Regions op B

-------- SUSY Point (1220,180)
 Use 4 & 5 jet Validation
Regions, extending out in

W Control Region

P;> 55 GeV jets

0 10 | s e
N, as far as statistics allow 75 | et ]
1 oo o)

1.5< EJ™/4JH, <2.0 4GeV Control Region 10 b Lh L
[/)] T T | T T T I T T T | T T T | T T T ' T T T ' T T T S 2: v
. 4 e Data2011 (\s=7TeV) S45E
g 10 fL dt~1.34fb ——— Background Prediction = T —e——
Yo7 [ ] QCD+tt— qq (Template) ZosE
© ATLAS Preliminary : 50°F E

[ Alpgen tt— gl,lI 0 R e O NN TR T

[ Alpgen W— (e u,t)v 1
I Alpgen Z— vv
-------- SUSY Point (1220,180)

Number of Jets

Multi-det Control Region

P, > 55 GeV jets

—_
o

DATA / Prediction

o -~ d
o . N =

ULERN ILLLAN LALLN LA
>

54 6 8 10 12 14
Number of Jets
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Results

30th August 2011

Signal region 7j55 8j55 680 7580
Multi-jets 26+52 |[23+07 19 + 4 1.3+04
tt — £(£) X 10.8 +6.7 042 6.0 +4.6 of0-13
W + jets 0.95+080 | 0¥ [034+034 | ot
7 4 jets 15t11% 0+0.75 0+0.75 0+0.75
Total SM 303750 | 23754 | 258+6.1 | 1.3°09
Data 45 4 26 3
NEZR1 max 26.0 11.2 16.3 6.0
Ohont.max X €)/fb 19.4 8.4 12.2 45
psMm 0.30 0.36 0.49 0.16
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* Reminder: A, =0, u>

Example interpretation: CMSSM

o . int -1
. . ;‘ - T T T 11 1T 1771 L I [ olbsl ALS glst)/cl,ClL |”-In|tl T
2-4 ]et anaIYSIS 8 550 ATLAS PrellrUIL?ary ------ exp. CLs 95% C.L. limit
— - Multijets plus E Combined - exp. CLs 68% C.L. limit
> 00 - . exp. CLs 99% C.L. limit

1T
/

/

450

2011 EPS CLs 95% C.L. limi

| |LEP2y”

|||||'T||||||||

1

.’f
L4 /'/
-

0, tan[a’ 10

D DO g, g, tanp=3, u<0, 2.1 fo'! -

T \ \
Y S s S [ cDF §g, tanp=5, u<0, 2 fo!
\’6 ""\\i (1000) \."\\\\ - Theoretically excluded
,_;,l.g‘_~ 1V .‘. . ) y

I

|III'I||:,|_II|II
~

>

.........

500 1000 1500 2000 2500

3000 3500
m, [GeV]
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Conclusion

* The search reach in jets+MET final states
has been dramatically extended

— 2-4 jet and 6-8 jet inclusive multiplicities
— ~1 fb! of data & analysis improvements

— Negative results interpreted using simplified
R-parity conserving SUSY model and CMSSM

— Mass reach at or approaching 1 TeV

* Papers are in preparation for these
analyses
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Statistical methods

» Simultaneous likelihood fit to Signal Region
+ 5 Control Regions in each channel

— Six Poisson-distributed variables and PDF to
constrain systematic uncertainties

L(nlu,b,0) = Py x Pyp X Prg X Pyp, X Pppy X Pog X C

Syst

* Correlations between Control Regions taken
into account

— eg jet energy scale and b-tagging efficiency



Signal Region observations
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Three jet channel exclusion
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Four jet high mass channel
exclusion
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Jet multiplicity:
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Jet multiplicity:
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6-8 jet study exclusion
vs 2010 2-4 jets results
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